The psychometric properties of scores derived from a Japanese version of the Learning Channel Preference Checklist (LCPC) are examined in this study. The LCPC is one of a line of instruments dedicated to measuring perceptual learning styles that emerged in the 1980s and 1990s out of earlier work and instrumentation in the 1970s. It is argued that the more recent line of instrumentation dedicated to perceptual learning styles emerged without awareness of significant earlier debate concerning the predictive power of perceptual constructs in learning outcome and their operational viability. This article re-engages this recent line of instrumentation in general, and the LCPC in particular, with the seemingly disregarded questions surrounding the viability of operationalizing perceptual constructs. The article also alerts practitioners to potential problems with instruments attempting to operationalize perceptual preference through self-report.
were first operationalized via self-report by R. Dunn and K. Dunn in the 1970s in work that has spanned three decades and produced the following principal instruments in use today: the Learning Styles Inventory (Price & Dunn, 1997) and the Productivity Environmental Preference Survey (Price, Dunn, & Dunn, 1996) . These two instruments cover more than perceptual constructs, but the perceptual constructs that compose part of the instruments have attracted specific attention and have spawned an independent line of instrumentation. This line would include the Personal Learning Styles Preferences Questionnaire (PLSP; Reid, 1984) , the Style Analysis Survey (SAS; Oxford, 1993) , and the Learning Channel Preference Checklist (LCPC, O'Brien, 1990) and LCPC-Revised (O'Brien, 2002) .
The propagation of these instruments seems to have occurred despite, or without awareness of, a considerable line of debate in the late 1970s and early 1980s with regard to the predictive power of perceptual modality. Kampwirth and Bates (1980) and Tarver and Dawson (1978) , in secondary research covering a number of studies looking at interaction effects between modality preference and teaching strategies, failed to find compelling evidence for such interactions. Deverensky (1978) , in arguing the case that modality preference had not shown an effect on reading performance, was one of the first to recognize that the problem might be operational. He suggested that the difficulty of finding sensitive measures of such preferences was a critical limitation. In a heated exchange a decade later involving Forness (1987, 1990) and R. Dunn (1990) , the usefulness of modality preference was again placed under scrutiny. Kavale and Forness (1987) conducted a meta-analysis of 39 studies and claimed that the effect size of the interventions was poor. Crucially for the role of the current study, they also claimed that the measurement of modality preference was problematic-as had Deverensky (1978) 10 years earlier.
In recent work, Wintergerst, DeCapua, and Itzen (2001) and Isemonger and Sheppard (2007) have questioned the psychometrics of the PLSP (Reid, 1984) . Both groups of researchers produced scores with low Cronbach's alphas for the perceptual constructs that make up four of the six subscales composing the instrument, and both groups conducted an exploratory factor analysis that in both cases failed to produce simple structure in line with the model hypothesized by Reid (1984) . In addition, Isemonger and Sheppard conducted a confirmatory factor analysis (CFA) that failed to confirm the hypothesized model for the instrument.
The research reviewed during the past three decades puts the psychometrics of perceptual learning styles in question-particularly via the self-report method. The aim of this study is to examine scores derived from the LCPC as part of a process of answering this uncertainty and to reengage this recent line of instrumentation in general, and the LCPC in particular, with the seemingly disregarded questions surrounding the viability of operationalizing perceptual constructs. In addition, despite being commercially available and despite being used by a leading North American educational services provider (Sylvan Learning, 2007) for 9 years (L. Neff [formerly O'Brien], personal communication, July 28, 2007) , there is a dearth of psychometric data on scores generated by the LCPC. This is partially addressed by this study.
The first version of the LCPC was released in 1990 after appearing in the NASSP Bulletin (O'Brien, 1989) . Deaton (1992) provided a negative review of this version in the Eleventh Mental Measurements Yearbook. Despite this, the instrument continued to enter educational literature, including Reid (1995) (Sylvan Learning, 2007 ). Cronbach's alphas reported on the commercial version of the instrument are as follows: .62 (Visual), .62 (Auditory), and .69 (Haptic). These are claimed to be good, although this study would dispute this in terms of Nunnally and Bernstein's (1994) criterion of .7. No reference is offered for these results on the published instrument.
Method
Permission was requested from the author to translate the instrument into Japanese and to examine the psychometric properties of scores derived from an administration to a sample of Japanese students.
Instrument
The instrument uses a 5-point Likert-type scale calibrated as follows: 1 = almost never, 2 = rarely, 3 = sometimes, 4 = often, and 5 = almost always. The scale has 5 points of discrimination and meets the minimum requirement for a sufficiently refined ordinal scale intended for factor analysis (West, Finch, & Curran, 1995) . There are 36 items, with 12 items on each of the three subscales. Adaptation for the Japanese population was consistent with the Test Adaptation Guidelines of the International Test Commission (2001) in areas relevant to the stated goals of this study. The instrument went through a translation, back translation, and revision on the basis of the back translation. Bilingual Japanese speakers of English in the field of language education who had experienced significant periods of immersion in English-speaking countries performed this translation and back translation. The translation process was also consistent with recommendations made by Hambleton (2005) .
The subscales of the instrument indicate a hypothesis that scores are reducible to three factors (Visual, Auditory, and Haptic), although the current author knows of no published research in which the author of the LCPC has fully specified a CFA model for the instrument. Consequently, no information was available on whether factors were hypothesized to be correlated or uncorrelated. The current author hypothesized a correlated model consistent with the view that psychological phenomena are unlikely to yield orthogonal constructs (Kline, 1994) .
Participants and Procedure
The sample consisted of 260 students. There were 260 records with missing values. After inspection revealed that these were not systematic, the records were deleted, producing a final sample of 260. The author of this study recognizes that a larger sample would have been preferable, and indeed this was possible. However, the author of the LCPC requested that instruments be commercially purchased for this study, and this put financial limits on the sample size.
Ages ranged from 18 years to 21 years, with 98% of the sample between, and including, 18 years and 20 years (16 nonresponses). There were 96 males and 150 females (14 nonresponses). Students were instructed to complete the questionnaire, and no further instructions or help were provided. Instructions were provided at the top of the instrument. These were consistent with the English-language version of the instrument.
Results
Results from the study are presented in two sections. In the first section, the reliability of scores derived from the scales hypothesized by O'Brien (2002) was tested using Cronbach's alpha. In the second section, a CFA was conducted to verify the three-factor hypothesized structure, with inspection of an oblique model.
Reliability Estimates for Scores on the LCPC
Reliability estimates (Cronbach's α) for scores on the LCPC are presented in Table 1 with the scale means. Consistent with Fan and Thompson's (2001) recommendation, the confidence intervals for alpha are also reported (95%) using the central F distribution.
Nunnally and Bernstein's (1994) criterion of .70 was adopted as the criterion for scale reliability. All of the scales failed to approach this criterion by a significant margin. Alpha is biased by the number of items on a scale (Cortina, 1993; Green, Lissitz, & Mulaik, 1977) , with larger numbers of items producing higher alphas. However, given that the LCPC has 12 items per scale (a relatively large number) and that the alphas were very low, this bias was not seen as a threat to the interpretation of alpha vis-à-vis the .70 criterion offered by Nunnally and Bernstein (1994) .
CFA
A CFA was conducted to directly test the hypothesized three-factor structure of the LCPC using AMOS 5.0.1. The model has 666 sample moments, 75 free parameters, and 591 degrees of freedom, meeting the criterion of overidentification.
The data were found to have univariate and multivariate non-normal properties. A total of 18 of the 36 items had significant skew, and Mardia's (1970) (West et al., 1995) . SatorraBentler correction was precluded as a solution to the multivariate non-normality of the data because of the moderate sample size. The Bollen-Stine Bootstrap procedure was adopted as one method of dealing with the non-normality of the data, and the result is reported in this study. However, this result still employs the χ 2 statistic, which over-rejects models (Bentler & Bonett, 1980; Byrne, 2001; Mulaik et al., 1989; Sobel & Bohrnstedt, 1985) , particularly as the sample size increases.
To cope with the non-normal properties of the data, a variety of fit indices are reported, along with the cutoff values recommended by Hu and Bentler (1999) . Hu and Bentler recommended these cutoffs on the basis of an analysis that sought to minimize both Type I and Type II errors, and they have wide currency within the field of structural equation modeling (SEM) today. The indices selected provide an indication of how well the model fits rather than a simple rejection or acceptance of the model based on the χ 2 value. They are interpreted in the discussion section in the context of the known non-normal properties of the data. Specifically, the following indices were adopted: the standardized root mean squared residual (SRMSR), the Tucker-Lewis index (TLI), the comparative fit index (CFI), and the root mean square error of approximation (RMSEA). The SRMSR represents the average of all standardized residuals derived from the fitting of the hypothesized model to the sample data. Put simply, it reflects the difference between the observed and predicted correlations (Byrne, 2001) . Both the CFI and the TLI belong to the class of incremental fit indices that compare the hypothesized model to a baseline model that, in the case of these indices, is the independence model. The independence model represents the most restricted model, in which all correlations among variables are zero. The CFI is a revised version of the normed fit index (NFI) and accommodates criticisms that the NFI is biased by sample size (Byrne, 2001 ). The RMSEA is a more recent index that is gaining considerable currency within the field of SEM because it is sensitive to model parsimony. The scoring regime of the LCPC reflects a relatively parsimonious model of the 36 items composing the instrument, and the RMSEA rewards such parsimony (Byrne, 2001; Kline, 2005) .
Results for the various indices were as follows (cutoffs in parentheses): SRMSR .09 (< .08), TLI .26 (> .95), CFI .30 (> .95), and RMSEA .07 (< .06). The lower-and upper-bound confidence intervals for the RMSEA (90%) were .066 and .076. The Bollen Stine bootstrap procedure (2,000 samples) produced a p value of .000, leading to a rejection of the hypothesized model.
Discussion
Scores derived for the LCPC in this study are psychometrically weak. The Cronbach's alphas fail to meet Nunnally and Bernstein's (1994) criterion of .7 and also fail to meet the considerably weaker threshold of .6 invoked by some studies. Of course, the scores reported in this article were derived with a translated version of the instrument and drew on the Japanese student population for respondents, but the extremely low results for alpha should give cause for concern with respect to the English-language version given the dearth of published data on the instrument.
The CFA rejected the hypothesized model for the instrument. The incremental indices (CFI and TLI) produced the weakest results. The non-normal properties of the data may have contributed to the particularly poor result on these indices. According to Byrne (2001) and Marsh, Balla, and McDonald (1988) , non-normal data will produce TLI and CFI values that are modestly underestimated. Two analytical points need to be made in this regard. First, the results for these two indices were very low, and it is questionable how far the nonnormal properties can be used to mitigate this result. Second, it is questionable whether the non-normal properties should be used to mitigate the result. Micceri (1989) has made the point that data with good normal properties are rare in practice. However, the departure from normal distribution for items on the LCPC is significant, even in practice, and it is not clear from any published research by the author to date that the criterion of normality was applied in the development of the instrument.
The SRMSR and the RMSEA both rejected the model. The RMSEA arguably presented the most commendable result for the LCPC, with the lower-bound confidence interval (90%) falling just short of Hu and Bentler's (1999) recommended cutoff of less than .06. The RMSEA accommodates or rewards model parsimony, and the simple three-factor model for a 36-item instrument is an obvious feature of the LCPC. Nonetheless, it is notable that none of the indices used in this analysis met the cutoffs. Consequently, the analysis indicates a rejection of the model.
Given the lack of data prior to this study, the onus is on the author and commercial provider to demonstrate valid scores, preferably using CFA as the method. Until this demonstration is forthcoming, the diagnostic value of this instrument for pedagogical practice and intervention should be viewed with considerable skepticism. Furthermore, the negative review offered by Deaton (1992) for the older version of the instrument in the Eleventh Mental Measurements Yearbook should be considered as remaining relevant.
The viability of measuring preference for perceptual modality is drawn further into question by the results reported in this study. As covered earlier, the issue of this viability surfaced in the late 1970s and early 1980s (Deverensky, 1978) in the context of a wider debate on the predictive power of perceptual modality. The issue then resurfaced in the Forness (1987, 1990) and R. Dunn (1990) exchange. Despite the questions surrounding the measurement of preference for modality, new instruments dedicated to such measurement, such as the PLSP, the SAS, and the LCPC, emerged in the late 1980s and the 1990s, with the LCPC being revised as late as 2002. This line of instrumentation emerged without rejoinder to the charges that measuring preference for perceptual modalities is problematic. Recent work by Wintergerst et al. (2001) and Isemonger and Sheppard (2007) has drawn into question the psychometrics of the PLSP. This study draws into question the psychometrics of the LCPC. The research issue emerging from the findings reported here concerns the determination of whether the questionable psychometrics of scores derived from these instruments are connected to poor development of the instruments themselves or to the resistance of these constructs to measurement via the self-report method. For the moment, however, practitioners should view any instrument claiming to operationalize perceptual preferences through self-report with a critical eye.
